Reactive oxygen species produced by aerobic cellular metabolism or through exposure to environmental carcinogens can cause oxidative DNA damage by generating DNA base lesions and strand breakage. Prime among these base lesions is the conversion of guanine to 8-oxoguanine. Among 20 or so oxidative DNA base lesions, 8-oxoguanine is the most abundant and is critical in terms of mutagenesis because it is capable of mispairing with adenine, which, if not sufficiently repaired, may lead to G:C to T:A transversion upon DNA replication. The gene encoding human 8-oxoguanine DNA glycosylase 1 (hOGG1), capable of excision repair of 8-oxoguanine, has been recently cloned, characterized, and mapped to the short arm of chromosome 3 (3p25-26), a region showing frequent loss of heterozygosity (LOH) in head and neck squamous cell carcinoma (HNSCC). In the present study, we developed a tissue microdissection approach designed for use with formalin-fixed, paraffin-embedded specimens which is capable of detecting and characterizing the hOGG1 allelic loss using two highly informative, intragenic single nucleotide polymorphisms. Among 45 cases of HNSCC, 18 cases were informative. We analyzed these 18 cases and found that 11 showed evidence of hOGG1 allelic loss. By immunohistochemical staining on a total of 71 HNSCC cases using a commercially available anti-hOGG1 antibody, we showed that hOGG1 gene expression was markedly suppressed in up to 38% of the cases. The frequent allelic imbalance and suppression of the hOGG1 gene thus imply that repair for oxidative DNA damages may be relevant in future studies on head and neck squamous carcinogenesis. (Lab Invest 2001, 81:1429 -1438.
H
ead and neck tumors are a heterogeneous group of neoplasms that display a wide range of biologic behaviors. In the United States, excluding those from skin, central nervous system, eye, thyroid and lymph nodes, tumors of the head and neck account for 5% of the total cancer burden.
Of all head and neck tumors, 80% to 90% are squamous cell carcinoma (SCC). The strong association with tobacco and alcohol use makes head and neck squamous cell carcinoma (HNSCC) one of the most preventable malignant diseases (Blot et al, 1988; Franceschi et al, 1990) . Basic research on HNSCC has been largely neglected because of the tumor's rarity. However, there are approximately 50,000 new cases of HNSCC in the United States annually (Vokes et al, 1993 ) and the incidence is expected to climb as a result of the increasing number of female and adolescent smokers (Centers for Disease Control, 1990 ). In addition, despite the great emphasis on early detection and the efforts to improve multimodality treatment management, 5-year survival rate for HNSCC patients does not exceed 50% (Ries et al, 1990) . The pressing epidemiologic problem and the lack of effective management for patients with HNSCC thus strengthen the need for more extensive research on HNSCC at the molecular and genetic levels.
Previous studies have identified a number of genetic abnormalities in HNSCC, including nonrandom cytogenetic aberrations (Cowan et al, 1992; Heo et al, 1989) , mutation or overexpression of the H-ras gene (Saranath et al, 1991) and p53 gene (Brennan et al, 1995; Field et al, 1992) , and overexpression of epidermal growth factor receptor (Grandis et al, 1998a (Grandis et al, , 1998b . Inactivation of p16 gene (CDKN2), a G1 cyclindependent kinase inhibitor and DCC (deletion in colon cancer) gene, has also been reported (Reed et al, 1996) .
A high frequency of chromosomal aberrations involving chromosome 3p has been reported in HNSCC (Cowan et al, 1992; Heo et al, 1989) , small-cell lung cancer (Whang-Peng et al, 1982) , and esophageal carcinomas (Whang-Peng et al, 1990 ) by cytogenetic analysis. The observation of similar genetic changes in these three tumors and their common association with tobacco use (Franceschi et al, 1990) strengthen the hypothesis that HNSCC may share similar mecha-nisms of carcinogenesis with lung and esophageal cancers.
Three discrete regions of deletion at chromosome 3p in HNSCC have been identified (Maestro et al, 1993; Wu et al, 1994) , suggesting the presence of potential tumor suppressor loci. However, the identities of these presumptive tumor suppressor genes remain elusive.
Free radicals, which are found in normal aerobic cellular metabolism, are molecules with one or more unpaired electrons as a result of exposure to ionizing radiation or to environmental chemical carcinogens (Dizdaroglu, 1991) . Electron acceptors such as molecular oxygen react easily with free radicals to become reactive oxygen species (ROS), among them are superoxide radical, hydrogen peroxide (H 2 O 2 ) and hydroxyl radical ( F OH). ROS are highly reactive and can directly attack DNA, generating oxidative DNA base lesions and strand breakage (Dizdaroglu, 1991) . Among 20 or so such DNA base lesions, produced by ROS, 8-oxoguanine is the most abundant (Gajewski et al, 1990 ) and, if not sufficiently repaired, can cause potential mutation by mispairing with adenine, yielding G:C to T:A transversion on DNA replication (Cheng et al, 1992) .
Genes responsible for repair of oxidative DNA damage have been isolated and studied in great detail in Escherichia coli. Three such members, MutM, MutT, and MutY, possess the capacity to repair 8-oxoguanine-induced mutation should it arise in the bacterial genome (Boiteux et al, 1992; Michaels et al, 1992) . A closely related yeast gene, 8-oxoguanine DNA glycosylase (yOGG1), has been isolated in Saccharomyces cerevisiae (Van der Kemp et al, 1996) . The human homolog of this gene, human 8-oxoguanine DNA glycosylase 1 (hOGG1), has recently been cloned and characterized (Radicella et al, 1997) . The complete genomic sequence of hOGG1 has been reported including the finding of several intragenic single nucleotide polymorphism (SNP) sites .
The hOGG1 gene is located at 3p25-26, a region frequently deleted in HNSCC (Maestro et al, 1993; Wu et al, 1994) as well as in lung cancer (Hibi et al, 1992) . Loss of heterozygosity (LOH) or mutations in the hOGG1 gene was previously reported in human lung (Chevillard et al, 1998; Kohno et al, 1998) , kidney (Chevillard et al, 1998) , and gastric cancers. However, direct DNA sequencing after single strand conformation polymorphism (SSCP) analysis and PCR amplification of the hOGG1 gene transcripts detected only rare mutations in these tumors (Chevillard et al, 1998; Kohno et al, 1998; Shinmura et al, 1998) .
To widen the scope of DNA repair dysfunction analysis, we searched for hOGG1 allelic loss in a series of patients with oral and laryngeal squamous cell carcinoma. Using genomic information currently available, we developed a tissue microdissection approach for detection and characterization of allelic loss based on two highly informative intragenic single nucleotide polymorphism (SNP) sites . Our findings reported here indicate that hOGG1 gene allelic loss is very frequent, being detected in 11 of 18 (61.1%) cases. By IHC staining procedure, we also found that hOGG1 gene expression was suppressed in 35 of 71 (49%) cases. These data suggest that hOGG1 gene function may be relevant in the head and neck squamous carcinogenesis.
Results

LOH of the hOGG1 Gene
Tissue for hOGG1 genotyping was collected by microdissection from unstained histologic sections of 45 HNSCC cases. After removal of representative normal minor salivary gland, benign hyperplastic squamous mucosa, squamous carcinoma in situ, and invasive SCC, postmicrodissected tissue sections were stained to evaluated accuracy of sample removal (Fig. 1) . Whereas inclusion of nonneoplastic cellular elements could not be totally excluded, their contribution to the overall tumor sample for genotyping was judged to be small, amounting to less than 10% total sample volume ( Fig. 1H) .
SNP sites at two intragenic sites of hOGG1 were used to identify informative patients for LOH determination (Fig. 2) . Sixteen of 45 (36%) patients were found to be heterozygous for the intron 4 SNP (Tables 1 and  2 ). Remaining noninformative cases for the intron 4 SNP site consisted of 19 homozygous cytosine and 10 homozygous guanine alleles. The exon 7 SNP was found to be in linkage disequilibrium with the intron 4 SNP, with most but not all subjects found to be informative for both SNP sites (Tables 1 and 2 ). The noninformative cases for the exon 7 SNP consisted of 18 homozygous cytosine and 11 homozygous guanine alleles. Although the yield of informative cases was not increased by extending the analysis to the two SNP sites (Table 2) , assessing both sites provided quality control by independent confirmation of genotyping results (Fig. 2) . No discrepancies were found in allelic imbalance analysis for any informative case in this series. Eighteen informative cases were identified using both intron 4 and exon 7 SNP sites.
Of 18 informative cases, 11 (61.1%) demonstrated allelic imbalance of the hOGG1 gene (Tables 1 and 2 ). The frequency (61.1%) of the hOGG1 allelic loss in HNSCC in this study is similar to that (55%) obtained by Blons et al (1999) using five microsatellite markers. Allelic loss in our study affected both polymorphic alleles with equal frequency (Table 2) .
To define the temporal onset of allelic loss, areas representative of benign hyperplastic squamous mucosa, carcinoma in situ, and invasive SCC were separately microdissected (Fig. 1) for allelic imbalance determination in two cases (Cases 3 and 4 in Table 1 ). The hOGG1 allelic loss was present in both in situ and invasive SCC components, but not in the adjacent benign hyperplastic squamous mucosa in both cases. In one case (Case 4), multiple samples of histologically benign and hyperplastic squamous mucosa adjacent to the invasive carcinoma were separately microdissected and analyzed for hOGG1 allelic loss. Normal or Fan et al benign hyperplastic squamous mucosa showed no evidence of allelic loss, whereas adjacent invasive tumor displayed apparent hOGG1 allelic loss (Fig. 3) .
Immunohistochemical (IHC) Staining for the hOGG1 Protein
A total of 71 HNSCC cases, including 15 that were used for hOGG1 gene LOH analysis (Cases 4 to 18 in Table 1 ), were further analyzed with IHC staining procedure using a polyclonal antibody against the hOGG1 peptide. Three of 18 cases with the hOGG1 LOH results (Cases 1, 2, and 3 in Table 1 ) were devoid of a carcinoma component in the tissue blocks due to repeated sectioning and thus were not included in this IHC study. Among these 71 cases used for IHC study, 58 cases contained both normal squamous mucosa and invasive carcinoma, whereas the remaining 13 cases contained only an invasive carcinoma component. Normal squamous mucosa was positively stained in all but two cases, indicative of the presence of endogenous hOGG1 activity. In normal squamous epithelium, the most actively proliferating cells (basal and parabasal, cells) were strongly positive for the hOGG1 protein in the nuclei (Fig. 4 , A and D), whereas the highly differentiated, mitotically inactive superficial keratinocytes were only weakly positive or negative for the hOGG1 protein (Fig. 4, A and D) .
In invasive carcinoma, the nuclear staining for the hOGG1 protein was highly heterogeneous with both Hematoxylin and eosin-stained histopathologic sections consisting of normal minor salivary gland (A and B), normal squamous mucosa adjacent to invasive carcinoma (C and D), carcinoma in situ (E and F), and invasive squamous carcinoma (G and H), before (A, C, E, and G) and after (B, D, F, and H) microdissection. Under stereomicroscope (SZ-40; Olympus, Tokyo, Japan), the areas of interest can be fairly accurately targeted and removed manually using a pointed surgical blade.
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Laboratory Investigation • October 2001 • Volume 81 • Number 10 positively and negatively stained tumor cells in almost all cases, although in different proportions. As shown in Figure 4 , Panels A to C were derived from a case that was very strongly positive, whereas Panels D to F were from a case that was negative for the hOGG1 protein. In both cases, the surface squamous epithelia were strongly positive for the hOGG1 protein, particularly in the basal and parabasal cells (A and D), as well as early invasive carcinoma cells (A). Both positive and negative cases displayed a heterogeneous pattern of staining in most areas of the tissue sections (B and E). In the positive case, most tumor cells were positive for the hOGG1 protein, except for a few well-differentiated keratinocytes in the center of the squamous pearl (B). By comparison, the carcinoma cells in the negative case were mostly negative for the hOGG1 protein, except for some scattered positive cells at the periphery of the tumor lobules. Focally, a homogenous staining pattern was also recognized (C and F). In these areas, the tumor cells in the positive case were all positive (C), whereas those in the negative case were all negative (F) for the hOGG1 protein.
The stromal spindled cells were generally negative for the DNA repair protein (B, C, E, and F).
Of 71 cases that were subjected to IHC study, 27 (38%) cases were negative (6) or mostly negative (21); 8 (11%) cases were weakly (2) or moderately (6 ) positive; and 36 (51%) cases were strongly (18) or very strongly (18) positive for the hOGG1 protein. Of the 27 cases in which the invasive carcinoma cells were negative or mostly negative for the hOGG1 protein, three contained carcinoma in situ component, and the in situ components in all three cases were strongly positive for the hOGG1 protein.
In 5 of 8 (63%) cases that showed LOH in the hOGG1 gene (Table 1) , the carcinoma cells were negative or mostly negative for the hOGG1 protein, with the remaining three LOHϩ cases being moderate to strongly positive for the protein (Cases 5, 6, and 16 in Table 1 ). By contrast, in 6 of 7 (86%) cases that showed no evidence of the hOGG1 allelic loss (Table  1) , carcinoma cells were strongly or very strongly positive for the hOGG1 protein, with the remaining case being moderately positive (Case 9 in Table 1 ). Unfortunately, in two cases (Cases 3 and 4 in Table 1 ), in which the in situ carcinoma component showed evidence of hOGG1 allelic loss, the in situ components were lost due to repeated sectioning, precluding further IHC study.
Discussion
The presence or absence of hOGG1 allelic loss was determined in this study by microdissection of formalin-fixed, paraffin-embedded tissue sections. This method could easily be applied to clinical specimens processed in the course of routine pathology practice. Single recut histologic sections provided sufficient microdissected tissue not only for analysis of two single nucleotide polymorphisms in the hOGG1 gene, but for up to 10 additional genotyping reactions. The approach outlined in this report therefore provides a simple means to evaluate the interaction between multiple cancer genes.
Due to the need to sample minute amounts of tissue, PCR played an essential role in amplifying sufficient DNA for genotyping reactions. Determination of allelic loss or gene gain can be achieved by a variety of techniques; however, many techniques are unsuitable because they require relatively large amounts of fresh tissue. The only limiting factor in the allelic imbalance approach described herein is the requirement for accurate sequence information concerning the precise location of the intragenic SNP site and genomic sequence data sufficient to design amplification primers. In this way, the methods used can be easily applied to other genes susceptible to allelic deletion.
An important limiting factor in the analysis is the realization that only a proportion of test subjects was found to be informative. This limited allelic imbalance determination in only a subset (40%) of 45 cases. The availability of a second SNP within the hOGG1 gene was not capable of increasing the yield of informative Fan et al patients dramatically because the two sites were shown to be in linkage disequilibrium (Table 2 ). This result is consistent with that obtained by Kohno et al (1998) . In that study, 19 of 45 (42%) cases of primary lung tumors were determined to be informative using a SNP site in exon 7 of hOGG1 gene. When four different SNP sites at 5'-noncoding region, exon 2, intron 4, and exon 7, were used for analysis, the total number of informative cases was only slightly increased to 23 (51%) . Nevertheless, extension of the analysis to the second site in this study provided an independent means for molecular confirmation of the presence or absence of allelic loss. The approach provided an excellent means to insert quality control in the genotyping.
In two cases (Cases 3 and 4 in Table 1 ), the hOGG1 allelic loss was detected in in situ carcinoma cells but not in the adjacent normal or benign hyperplastic squamous mucosa. It has been demonstrated that the allelic loss of chromosome 3p where the hOGG1 gene resides was acquired as early as in the dysplastic cells . Although the hOGG1 allelic loss appeared to be acquired in early noninvasive SCC in both of our cases, this finding needs to be confirmed in a larger series of cases that contain dysplastic squamous cells and/or in situ carcinoma.
We observe a high frequency of hOGG1 LOH in a series of HNSCC patients. However, this result, by itself, does not represent compelling supportive evidence for the roles of the hOGG1 gene in head and neck carcinogenesis, nor does it support possible loss of hOGG1 function in those HNSCC cases with evidence of hOGG1 LOH, because the other allele of the gene may remain functional. To characterize hOGG1 gene function in HNSCC, we decided to examine the protein expression patterns by IHC staining procedure using a commercially available anti-hOGG1 antibody. Although the staining pattern was in general heterogeneous, we were able to show that marked suppression of the hOGG1 gene expression was seen in 27 of 71 (38%) cases of head and neck cancers. In another 8 (11%) cases of head and neck cancer, 30% to 50% of the invasive carcinoma cells were negative for the hOGG1 protein expression (see "Results"), indicating a milder degree of functional suppression of the hOGG1 gene. Taking these results all together, we concluded that hOGG1 gene suppression in HNSCC is a fairly common event.
Among 71 cases of head and neck cancer studied for hOGG1 gene expression by IHC staining, 15 were previously analyzed for the hOGG1 gene allelic imbalance. Results on these 15 cases indicated that the majority of the invasive carcinoma cells were negative for the hOGG1 protein in 5 of 8 (63%) cases that demonstrated allelic loss of the hOGG1 gene, whereas most of the tumor cells were positive for the DNA repair protein in 6 of 7 (86%) cases that showed no evidence of hOGG1 allelic loss. Thus, in our small series of cases, there was at least some degree of correlation between hOGG1 gene allelic loss and functional suppression. We should, however, caution that the relationship between these two is complex and further studies, such as molecular analysis of the remaining allele for mutation or promoter methylation in a larger series of cases, need to be pursued to establish any relationship, if at all, between hOGG1 allelic deletion and gene function.
The lack of correlation between hOGG1 gene allelic deletion and functional suppression demonstrated by IHC staining in three cases (Cases 5, 6, and 16 of Table 1 ) may reflect the fact that in some invasive oral SCC, hOGG1 allelic loss may be a secondary event caused by deletion of an adjacent unknown tumor suppressor gene.
The causes of the apparent suppression of hOGG1 gene expression in some HNSCC remain to be determined. Both genetic (somatic mutations of the coding sequence of the gene) and epigenetic (promoter hypermethylation) factors should be examined in this regard.
In a report by Blons et al (1999) , the investigators failed to find any identifiable mutations in the hOGG1 gene-coding sequence in HNSCC cases with evidence of hOGG1 allelic loss. This result, in combination with those by others (Chevillard et al, 1998; Kohno et al, 1998; Shinmura et al, 1998) , indicates that somatic mutations of the hOGG1 gene appear to be very rare events in tumors of the upper aerodigestive tract and that promoter hypermethylation should be explored as a possible epigenetic mechanism for gene inactivation.
In human cancers, hypermethylation has been well documented in the CpG islands of the promoter region of a variety of housekeeping genes, resulting in gene inactivation. For example, although germline and/or somatic mutations of a DNA mismatch repair gene, hMLH1, were frequently found in colon cancers from patients with hereditary nonpolyposis colorectal cancer (Bronner et al, 1994; Papadopoulos et al, 1994) , somatic mutations of this gene cannot be identified in the majority of the sporadic forms of the tumor (Arzimanoglou et al, 1998; Kok et al, 1997 ). Yet many of these sporadic colon cancers demonstrated a lack of hMLH1 protein expression and this was the result of epigenetic gene inactivation due to hypermethylation in the CpG islands of the hMLH1 gene promoter (Maekawa et al, 1999; Toyota et al, 1999) . Promoter hypermethylation in the CpG islands has been described in another housekeeping DNA repair gene, O 6 -methylguanine-DNA methyltransferase (MGMT), resulting in gene inactivation in a variety of human cancers (Esteller et al, 1999) . In HNSCC, promoter hypermethylation of the MGMT gene occurred in approximately 30% of the cases in two separate studies (Esteller et al, 1999; Sanchez-Cespedes et al, 2000) .
The hOGG1 gene promoter has been characterized and is shown to be devoid of TATA or CAAT boxes, suggesting that hOGG1 is a housekeeping gene (Dh'naut et al, 2000) . It has also been shown that the promoter and 5' sequences of the transcribed region of the hOGG1 gene contain two CpG islands (Dh'naut et al, 2000) , and this raises the possibility that promoter hypermethylation of the hOGG1 gene may constitute an important mechanism of gene inactivation. Promoter methylation could be analyzed by methylation-specific PCR, in which DNA will be chemically modified with sodium bisulfite treatment, followed by PCR amplification of the modified DNA (Esteller et al, 1999; Herman et al, 1994) .
In summary, we show that LOH and functional suppression of the hOGG1 gene are common in HNSCC. The hOGG1 gene, thus, may represent a highly relevant target in the future studies that aim at elucidating the roles of oxidative DNA damages and DNA repair in head and neck squamous carcinogenesis. Loss of heterozygosity (LOH) analysis of normal and neoplastic squamous epithelium using exon 7 SNP. These nine microdissected tissue samples were obtained from a subject (Case 4 in Table 1 ) manifesting human 8-oxoguanine DNA glycosylase 1 (hOGG1) allelic loss in the tumor. Samples 1, 2, 3, 6, 7, and 8 were obtained from histologically benign but hyperplastic squamous mucosa. These samples show no evidence of allelic loss. Samples 4 and 9 are from the tumor and confirm allelic imbalance. Sample 5 is taken from normal-appearing minor salivary gland and serves as an internal negative control.
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Materials and Methods
Microdissection and DNA Sample Collection
Twenty-nine samples of oral SCC and 16 samples of tongue and laryngeal basaloid SCC were gathered from the paraffin block archives from 45 patients in the University of Pittsburgh Medical Center, spanning a period from 1997 to 1999 for conventional SCC and from 1991 to 1996 for basaloid SCC. The histology of each case was reviewed and representative tissue sections containing areas of invasive or in situ SCC were selected for microdissection (Fig. 1) . Normalappearing salivary gland was microdissected separately to serve as an internal nonneoplastic control (Fig. 1) .
Using 4 m -thick recut unstained histologic sections, normal and malignant tissue samples were removed under stereomicroscopic observation as previously described Papadaki et al, 1996) . Sufficient material was collected from a single histologic section to afford replicate analysis of hOGG1 allelic imbalance as described below. Samples were treated with proteinase K at a final concentration of 100 g/ml for 2 hours and then boiled for 5 minutes to remove protease activity. To rule out the possibility of allelic dropout as a cause for apparent allelic imbalance in tumor samples (Dreesen et al, 1996; Radinsky et al, 1995) , all microdissected normal tissue samples of salivary gland tissue were no larger than corresponding tumor samples from the individual patient (see below).
LOH Analysis
PCR analysis used two sets of amplification primers encompassing two recently reported single nucleotide polymorphism sites situated in intron 4 and exon 7 of the hOGG1 gene . Amplification primers . By comparison, the carcinoma cells in the negative case were mostly negative except for some positive cells at the periphery of the tumor lobules (E). Focally, a homogeneous staining pattern was also recognized (C and F). In this area, the tumor cells in the positive case were all positive (C), whereas those in the negative case were all negative (F) for the hOGG1 protein.
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Laboratory Investigation • October 2001 • Volume 81 • Number 10 for intron 4 were 5'-GGCCACATGCTGCCCTTC-3', sense and 5'-CAGATGCAGTCAGCCACC-3', antisense. Amplification primers for exon 7 were 5'-CAGACTCCACCCTCCTAC-3', sense and 5'-CGC-TTTGCTGGTGGCTCC-3', antisense. PCR products were subjected to electrophoresis in 4% agarose and the ethidium bromide stained bands were excised and then isolated with glassmilk. Allelic imbalance analysis was performed as previously described, based on relative DNA sequencing band intensity between normal and tumor in informative subjects (Finkelstein et al, 1999) . DNA sequencing used antisense PCR primers for each single nucleotide polymorphism with P 33 -dATP as the reporter molecule. Sequence analysis was read from autoradiograms of 6% polyacrylamide gels that had been exposed overnight.
The following criteria were used to select and evaluate patients for allelic imbalance analysis. To be informative, the normal microdissection tissue sample of minor salivary gland or skeletal muscle was required to show both polymorphic deoxynucleotide bands. Each polymorphic band of the normal tissue was required to exhibit approximately 50% expected band intensity consistent with equal representation of polymorphic alleles. Of the 46 samples of HNSCC in this study, 18 were classified as informative based on these criteria, and these samples were selected for allelic imbalance analysis of the corresponding tumor samples. Alleles were designated in balance (no allelic loss) when tumor samples manifested equal or nearequal intensity of polymorphic bands. Allelic imbalance (allelic loss) was present when polymorphic bands from tumor tissue in informative subjects were unequivocally of asymmetric intensity. The analysis on all informative subjects was confirmed by replicate analysis using new starting microdissection targets. It should be noted that by strictly limiting normal tissue samples of minor salivary gland to a size no larger than that of corresponding tumor samples, allelic dropout could be excluded.
IHC Staining Procedure
Fifty-six samples of oral SCC were collected from the paraffin block archives in the Department of Pathology, University of Arkansas for Medical Sciences and Central Arkansas Veterans Healthcare System, spanning a period from 1995 to 1999. The histology of each case was reviewed and representative tissue sections containing areas of normal squamous mucosa and invasive or in situ SCC were selected for IHC staining procedure. In addition, 15 samples of HNSCC, in which the status of hOGG1 allelic imbalance was available, were included in the IHC study.
The polyclonal antibody against the hOGG1 peptide was obtained commercially (Novus Biologicals, Littleton, Colorado; Cat# NB 100 -106). This anti-hOGG1 antibody was raised in rabbit against a synthetic hOGG1 peptide (CTVYRGDKSQASRPT). The antibody was affinity-purified and could recognize a band at 39 kd, representing hOGG1 (Novus Biologicals).
hOGG1 IHC staining is assessed semiquantitatively with less than 10% positive cells being negative (Ϫ); 10% to 20% positive cells being mostly negative (ϩ/Ϫ); 30% to 40% positive cells being weakly positive (ϩ); 50% to 70% positive cells being moderately positive (ϩϩ); 70% to 90% being strongly positive (ϩϩϩ) and more than 90% positive cells being very strongly positive (ϩϩϩϩ).
Biotin/Stretavitin complex with microwave antigen retrieval method was used for IHC staining. Histologic sections to be stained were deparaffinized in xylene and rehydrated through a decreasing ethanol gradient. The slides were then washed in ddH 2 O for 10 minutes followed by microwave antigen retrieval in citrate buffer solution (pH 6.0; Zymed Laboratories, San Francisco, California) for 40 minutes. After washing in ϫ1 PBS twice for 10 minutes, the slides were incubated in blocking solution (Zymed) for 30 minutes at room temperature. After tapping off the blocking solution, primary antihOGG1 antibody (rabbit polyclonal) was added at the dilution of 1/1,000 and incubated at 4°C overnight, followed by incubation at room temperature for 2 hours. The slides were then washed in ϫ1 PBS twice each for 10 minutes. Then the slides were incubated in a prediluted solution containing biotinylated antirabbit link immunoglobulins (Histostain-Plus Kit; Zymed) for 1 hour at room temperature. After washing in ϫ1 PBS twice each for 10 minutes, the slides were covered with a prediluted solution containing horseradish peroxidase conjugated to Stretavitin (Histostain-Plus Kit; Zymed) and incubated for 1 hour at room temperature. The slides are then washed in ϫ1 PBS twice each for 10 minutes, followed by incubation for 3 minutes at room temperature in a pre-diluted chromogen solution containing 3,3-diaminobenzidine (DAB) (liquid DAB substrate kit; Zymed). Washing the slides in running tap water stopped the reaction. Finally, the slides were counterstained with hematoxylin, followed by dehydration through a gradient of alcohol concentrations, cleared in xylene, and mounted in Permount.
